ABSTRACT
Introduction
Yersinia enterocolitica can cause a range of acute clinical entities including gastro-intestinal disease, hepatitis, pancreatitis, nephritis, arthritis, myalgia, erythema nodosum etc., and multi-organ involvement [1] [2] [3] [4] [5] . The Y. enterocoliticainfection may also provoke chronic rheumatic disorders, most notably in patients with the histo compatibility antigen HLA-B27 [6, 7] . Clinical and pathological studies indicate that also chronic conditions as inflammatory bowel disease, chronic hepatitis, nephritis etc., may be induced [5, [8] [9] [10] [11] .
Most knowledge about long-term consequences of Y. enterocolitica infection has been obtained from retrospective or follow-up studies of hospitalized patients [5, [11] [12] [13] [14] , from case-control studies of culture-confirmed cases [15] , and from immuno-histochemical examination of specimens from patients with supposed chronic manifestations of Y. enterocolitica infection [16] [17] [18] .
However, studies based on patients with diagnosed Y. enterocolitica infection, whether hospitalized or not, are likely to be biased both in terms of the nature and severity of clinical manifestations. More representative data may be obtained from patients identified by screening of the population as whole, or of population subsets.
The objective of the present study was to investigate the possible development of chronic disorders and complaints related to seemingly uncomplicated Y. enteroclitica infection. We therefore, in 2004, conducted a retrospective study onour previous material, constituted by 
Material and Methods

1987 Material and Observations
In January 1987, 755 out of 791 (= 95%) previously healthy recruits (all ethnical Norwegians males ,19 -26 years old, mean age 20 years), who were enrolled at the Norwegian naval training camp for compulsory military service,participated in a study on prevalence of antibodies to Y. enterocolitica, and association with risk factors and clinical manifestations. Blood samples were drawn within seven days after enrolment, and submitted to the National Institute of Public Health for examination of IgG, IgM and IgA antibody response to Y. enterocolitica, using an ELISA (v.i.).
Within two weeks, the recruits answered a standardized questionnaire covering demographic data, specific exposures, and clinical information. Information on peroperative findings in 26 recruits with previous appendectomy was obtained from hospital files.
Antibody activity against Y. enterocolitica was detected in sera from 70 of 755 recruits (9.3%) (IgG activity: 56 (7.4%), IgA activity: 34 (4.5%), and IgM activity: 28 (3.7%). Information on IgG antibody activity was used in epidemiological analysis of risk factors. The highest prevalence of IgG antibodies was detected among recruits from Oslo city (12/56, 21.4%). The following risk factors were found to be independently associated with IgG activity in logistic regression analysis: 1) receiving drinking water from a private well (odds ratio (OR) = 3.40, p = 0.004), being a resident of Oslo city (OR = 2.99, p = 0.006), and living in eastern Norway (OR = 2.25, p = 0.015).
Seropositive recruits were more likely to report previous surgery for suspected appendicitis than seronegatives (OR = 4.26, p = 0.0024). Among recruits with previous appendectomy, (severe) mesenteric lymphadenitis as the sole per-operative finding was more common inpatients with IgG activity to Y. enterocolitica, than in seroegative patients (4/7 > 1/19, p = 0.01). Among the four seroposive recruits with mesenteric lymphadenitis, three had undergone surgery 11 years, and one 13 years, prior to enrollment, steatorrhea.
Recurrent diarrhea, steatorrhea joint complaints were not associated with antibody activity [19] .
1987 Serological Analysis
The ELISA was performed in flat-bottomed 96-well polystyrene micro-titer plates. Antigen was prepared by hot phenol-water extraction of LPS from a phenol killed reference strain of Y. enterocolitica O:3. The optical density (OD) of the color reaction was read in an automatic photometer (MR 580 Microelisa Auto Reader, Dynatech Instruments, Inc., Santa Monica, California, USA) at a wavelength of 405 nm, with 490 nm as the reference wavelength (dual mode). The cut-off value for discrimination between positive and negative results was based on data from repeated testing of 30 arbitrarily selected sera from healthy blood donors (mean delta-OD plus two standard deviations). Positive and negative control sera were included on each plate in order to minimize interassay variations, Serum samples were examined for specific IgG, IgM and IgA activity. Net absorbance values (absorbance in the sample minus absorbance in the negative control) of ≥ 0.1 were recognized as significant regarding IgG and IgA, but not lonely IgM. A net absorbance of ≥ 0.5 was considered indicative of actual or recent infection. (An extensive procedure description has previously been published [19] ).
2004 Follow-up Material
At the follow-up in January 2004, five (all seronegative) of the 755 recruits enrolled in 1987 were dead, 18 had emigrated, and in case of 21 the residence was unknown. A structured questionnaire was mailed to the remaining 711 persons, together with a letter of introduction. The questionnaire covered 1) personal and demographic data (including education and annual income), 2) possible general risk factors for disease development (i.e. smoking, alcohol consumption, physical activity), and 3) dietary parameters (including consumption of meat, fruits, and vegetables; all parameters measured in a quantitative way).
The participants were also questioned whether they had developed particular chronic complaints or disorders since 1987. The clinical entities included were: painful or swollen joints, muscle pains or fibromyalgy, and diarrhea; which might be experienced for shorter or longer periods of time. The disorders were the specific diagnoses of rheumatoid arthritis, ankylosing spondylitis, iridocyclitis, ulcerative colitis, Crohn's disease, hepatitis, pancreatitis, thyroid disease, and diabetes. Any information on specific diagnoses was checked against hospital records.
2004 Statistical Methods
Univariate comparison of seropositive and seronegative responders was performed using the Chi-square test with Yates' correction, or Fisher's exact test for 2 × 2 contingency tables (both two-sided) in the computer program Epi Info (Centers for Disease Control, Atlanta, USA. To control for potential confounding effects of other risk factors, all variables with a p-value < 0.2 in the univariate analysis were included in a multivariate generalized linear model using the procedure for binomial regression in STATA 8.0 (Stata Corporation, College Station, TX, USA). All results are expressed as relative risks (RR) with 95% confidence intervals (CI) and two-tailed pvalues.
Results
433 (= 60.9%) (mean age 37.5 years, range 35 -42 years) of the 711 previous recruits answered the questionnaire. The response rate was higher among seropositives (79.7%) than among seronegatives (58.9%) in the 1987-survey. Among the 433 responders, 51 had been seropositive for IgG or/and IgA in the 1987 survey, 380 had been seronegative, and 2 had ambiguous results ( Table  1) .
Regarding baseline characteristics, there was no statistically significant difference between the two groups that were seropositive viz. seronegative in the 1987 serosurvey, regarding level of education, annual income, or the following behavioral (lifestyle) factors: smoking, alcohol consumption, physical activity, and consumption of fruits, vegetables, dietary fibers, or red meat products ( Table 2) . Likewise, the seropositive enrollees were no more likely than the seronegative to have developed any of the following disorders since 1987: rheumatoid arthritis, ankylosing spondylitis, iridocyclitis, ulcerative colitis, Crohn's disease, hepatitis, pancreatitis, diabetes, or thyroid disease.
However, the seropositive enrollees were more likely to report chronic or recurrent diarrhea, painful or swollen joints, or muscle pains. Regarding frequencies of the particular complaints, totally 43% of seropositives complained of diarrhea, 27% of painful or swollen joints, and 27% of muscle pains. Corresponding frequencies among the 380 seronegatives were: diarrhea 16%, painful or swollen joints 14%, and muscle pains 12%. Also was the concomitant presence of all three complaints significantly more frequent among the seropositives. Regarding the particular immunoglobulin subclasses, corresponding results were obtained, with the strongest correlations between IgA and clinical complaints ( Table 3) .
To assess whether previous Y. enterocolitica infection, as indicated by antibody status in 1987, was an independent risk factor for chronic diarrhea, painful or swollen joints, or muscle pains, we constructed separate multivariate models for each of these complaints. The results show that previous Y. enterocolitica infection was independently associated with increased risk; the RR estimates for Y. enterocolitica as positive were not changed in multivariate analyses.
Clinical Information Reported
During the follow-up period, twenty-seven individuals had been admitted to hospital. There was no significant difference in admission frequency between the 1987-groups of seropositive and seronegative recruits (5/51 (9.8%) ≈ 22/380 (5.8%); p = 0.34).
Three of the five seropositive individuals who had been hospitalized, had been admitted with complaints compatible with the previous Y. enterocolitica infection (diarrhea/joint complaints). The other two had undergone surgery for gangrenous appendicitis, viz. gastro-esophageal reflux disease.
Regarding the 22 seronegative recruits who had been admitted, two had developed ankylosing spondylitis, one rheumatoid arthritis, and in one patient acute knee joint arthritis was associated with iridocyclitis. Six patients experienced unspecific joint complaints.
Hence, the seropositive enrollees were no more likely than the seronegative to have developed any of the specific disorders asked for in the questionnaire (rheumatoid arthritis, ankylosing spondylitis, iridocyclitis, ulcerative colitis, Crohn's disease, hepatitis, pancreatitis, diabetes, or thyroid disease). 
Discussion
433 of the 711 previous recruits answered the questionnaire, with the higher response rate among seropositives.
The difference in response rate may to a certain extentbe attributable to higher interest among seropositives, occasioned by higher frequencies of complaints. During the period of observation, several recruits with complaints (or their doctors) had inquired about their antibody state, or asked for clinical advice.
In 1987, none of the recruits (mean age 20 years) suffered from acute Y. enterocolitica infection, or were aware of previous infection. A relatively stable incidence among children and youngsters would indicate that the seropositive recruits might have acquired their infection about ten years prior to enrolment. At enrolment, their clinical and serological status might mirror only a 10-year course, explaining why recurrent diarrhea or joint complaints were not associated with antibody activity [19] . This suggestion is in concert with the specific time information of 10 -13 years obtained in case of the four seroposive recruits operated upon because of mesenteric lymphadenitis. In these cases, surgery most certainly coincides with the acute infection, as mesenteric lymphadenitis is its most commonly encountered abdominal manifestation in childhood [20] . At enrolment, therefore, the recruits' antibody activity might have persisted for 11 -13 years. Corresponding observations on persistence of antibodies for > 10 years have previously been made in long-time follow-up studies [5, 13] .
At follow-up 2004, may be on average 27 years after catching their infection, the 1987-seropositive recruits were significantly more likely to report chronic or recurrent diarrhea, painful or swollen joints, or muscle pains, than were their 1987-seronegative counterparts. The presence of all three complaints was also more frequent among the group of seropositives. Regarding frequencies of particular complaints, 43% of seropositives complained of diarrhea, 27% of painful or swollen joints, and 27% of muscle pains. These frequencies correspond well with those observed in our 10-year follow-up study on hospitalized patients (37% of questionnaire repliers suffered recurrent diarrhea, 44% joint complaints) (5); further are the observations in accordance with several previous reports on hospitalized patients [4, 11, 21, 22] . Patients with long-time observation may present the higher frequencies of particular complaints; supporting the concept of development over several years [20] .
In contrast to the observations in a Finnish follow-up study on conscripts who experienced acute Y. enterocolitica infection in their garrison [13] , none of our seropositive recruits developed chronic rheumatic disease attributable to the infection. However, individuals prone to a serious course might have developed their chronic condition before attending at the military medical board, and in consequence been excluded from military service.
During the 17-year long follow-up period, some 1987-seronegative recruits may have acquired Y. enterocolitica infection, and thereby possibly contributed to particular complaints reported by "seronegative" recruits at followup. We must leave this question open, as the follow-up examination did not include estimation of antibody activity.
In the present study, the immunoglobulin subclass IgA showed the stronger association with chronic clinical complaints. A corresponding observation was made already in 1980, in a follow-up study on patients with, or without, reactive arthritis [23] . In 1985, it was stated that determination of IgA antibodies (which have a very short half-life) was of prognostic value in the evaluation of the infection's chronicity [24] ; and evidence for year-long persistence of Y. enterocolitica in the human body was demonstrated. The chronically elevated IgA production is recognized as the result of chronic stimulation of the gutassociated lymphoid tissue by virulent persistent Yersinia antigen [14] . A few contributions indicate that long-time antibiotic treatment, if started in time and lasting long enough, may eliminate Y. enterocolitica from the gutassociated lymphoid tissue, with subsequent disappearance of IgA antibodies and relief of clinical disease [25] .
Conclusions
The present study shows that previous uncomplicated Y. enterocolitica infection is a risk factor regarding development of chronic complaints as diarrhea, painful or swollen joints, and muscle pain. Especially, the predictive value of IgA should be noticed.
